ADDITIONAL INDEX WORDS. injurious level, withered leaf, chlorophyll content, antioxidant enzymes, malondialdehyde, soluble protein ABSTRACT. Rhododendrons (Rhododendron) are ornamental plants that exhibit poor thermotolerance. Salicylic acid (SA) and Ca 2D regulate the physiological and biochemical mechanisms in plants adapted to adverse environmental conditions. This study investigated the role of SA and CaCl 2 in managing heat tolerance of Rhododendron 'Fen Zhen Zhu'. Plants of the triennial Rhododendron 'Fen Zhen Zhu' were pretreated with SA and CaCl 2 , alone and combined. Following this pretreatment, the plants were subjected to 38/30 8C (day/night) incubation for 6 days, and then allowed to recover for 20 days under 25/17 8C (day/night) in a chamber. Changes in morphology were observed and recorded. Data were collected on plant chlorophyll content, malondialdehyde (MDA) content, H 2 O 2 level, antioxidant enzyme activity, and total soluble protein content. The results revealed that the plant growth was considerably affected by heat stress, the leaves became brown and withered, and the plant defoliated. Under heat stress, chlorophyll content and total soluble protein levels decreased. Peroxidase (POD) activity and superoxide dismutase (SOD) also decreased, whereas the H 2 O 2 and MDA content increased. Individual or combined application of SA and CaCl 2 had a positive effect on plant growth, chlorophyll content, total soluble protein levels, and enzymatic antioxidant activity under heat stress. In general, the effect of the combined application of SA and CaCl 2 was superior to individual application. In addition, treatment with high CaCl 2 concentrations effectively alleviated the decrease in chlorophyll content. However, at low SA and CaCl 2 concentrations, SOD and POD activity and total soluble protein accumulation increased whereas MDA and H 2 O 2 levels decreased. These results suggest that SA and CaCl 2 may interact to alleviate heat stress.
Global climate change may not only increase CO 2 concentration, but also sustain elevated temperatures (Intergovernmental Panel on Climate Change, 2013; Lavania et al., 2015) . As a result, the distribution pattern of plant communities will be negatively affected and the scenario where the vegetation in different landscapes is drastically affected over a period of time might become a reality (Grover et al., 2013) . Although some ornamental plants have the capacity to evolve and cope with temperature fluctuations, this capacity might not keep pace with global warming, reduced ornamental value, and economic losses (Tao et al., 2015) . Heat stress not only affects the phenotype of a plant, causing leaf etiolation and wilting, but it alters the anatomy, physiology, and photosynthesis capability of plants as well, even at the genetic level (Chen et al., 2014; Mishkind et al., 2009; Perez et al., 2009) . Heat stress induces overproduction of reactive oxygen species (ROS) in plant tissues, thus seriously affecting the balance between the generation and degradation of ROS. Furthermore, plants respond quickly to various abiotic stresses by regulating complex physiological, biochemical, and molecular mechanisms for acclimation and adaptation to stress (Chandel et al., 2013; Chen et al., 2014) . Antioxidants act as ROS scavengers to mitigate oxidative injury and to maintain metabolic functions; these include antioxidant enzymes and nonenzymatic low molecular weight antioxidant molecules Rady, 2014a, 2014b) .
Heat tolerance can be improved by genetic selection as well as with the use of exogenous regulators, which aid the adaptation of physiological response in plants. SA and Ca 2+ are recognized as signal molecules known for their roles in plant adaptation to changing environments (Janda and Ruellan, 2015; Laanemets et al., 2013) . SA, a small phenolic compound, plays a significant role in regulating physiological processes in plants involved in response to various abiotic stress such as drought (Nazar et al., 2015) , cold (Sibozaa et al., 2014) , heat (Boatwright and Karolina, 2013) , intense light (Zhao et al., 2011) , and salinity (Agami, 2013; Manaa et al., 2014; Rady and Mohamed, 2015) . Application of SA enhances the photosynthetic rate and maintains the stability of the cell membrane through regulating enzymatic activity (Ghanta et al., 2014) , which eventually alleviated oxidative stress (Wasti et al., 2012) , but the underlying mechanism remains unclear . This effect of SA on oxidative stress response was observed in a variety of plants: Solanum lycopersicum (Manaa et al., 2014; Wasti et al., 2012) , Arabidopsis thaliana (Borsani et al., 2001) , Vigna radiata (Singh et al., 2014) , and Triticum aestivum (Kumar et al., 2015; Li et al., 2013; Zhao et al., 2011) . In different T. aestivum cultivars, variations in the expression levels of heat stress-associated proteins have been documented (Kumar et al., 2012) . In contrast, there are limited studies on heat tolerance of flowers, especially the heat tolerance of Rhododendron.
Several studies have shown that Ca 2+ is of pivotal importance for various regulatory mechanisms in plants as a secondary messenger, controlling a variety of cellular processes such as stomatal movements (Hubbard et al., 2012; Laanemets et al., 2013) , antioxidant enzyme activity, and lipid peroxidation under multiple stresses (Khan et al., 2010) . Thus, exogenous application of Ca 2+ has become an important research topic due to concerns about the effects of climate change on plants. Cytosolic Ca 2+ content increases under heat stress, which might alleviate heat injury and initiate cellular repair (Bamberg et al., 1998; Gong et al., 1998) . The activities of antioxidant enzymes in plants pretreated with CaCl 2 either increase or do not decrease to the same extent as in the control group (Tan et al., 2011) . It has been shown that Ca 2+ treatment prevents solute leakage from the cytoplasm, stabilizing cell membrane surfaces, and regulating hormone metabolism in plants (Hirschi, 2004) . However, the effect of Ca 2+ treatment on thermotolerance of Rhododendron is poorly studied.
Individual exogenous application of SA and Ca 2+ in mitigating heat stress has been studied extensively (Manaa et al., 2014) . Combination application of SA and Ca 2+ improved growth, photosynthetic pigment concentration, and mineral nutrition in S. lycopersicum during salt stress (Manaa et al., 2014) . Studies on SA and Ca 2+ , individual or combined, for T. aestivum under salt stress revealed that the combined application proved more effective in reducing oxidative stress (AlWhaibi et al., 2012) . This research suggests that SA and Ca 2+ interact to reduce stress. Other studies also support this conclusion (Guo et al., 2015; Xu et al., 2008) .
Rhododendron is one of the most popular ornamental plants worldwide, with both medicinal and edible value (Dampc and Luczkiewicz, 2013) . At present, genetic variation (Li et al., 2015; Zhao et al., 2012) , flowering-related gene manipulation (Cheon et al., 2012) , selective breeding of some species (Shen et al., 2015) , and the identification of the major chemical constituents in leaf were the main subjects in studies on Rhododendron (Lou et al., 2015) . Influenced by genetic factors, this genus is widely distributed at high altitudes, in cold and moist areas. Thus, heat intolerance is a major constraint in Rhododendron cultivation and landscape applications. Rhododendron ·hybridum was obtained by hybridization over several generations: Rhododendron simsii, Rhododendron phoeniceum, Rhododendron indicum, and Rhododendron capitatum. Rhododendron 'Fen Zhen Zhu' is a compact plant, with pink flowers, and an early, long flowering period, from January to March. Despite its high ornamental value, it has poor thermal resistance. A limited number of studies have investigated heat resistance of Rhododendron, and the influence of SA and Ca 2+ pretreatment on heat tolerance in ornamental plants, including Rhododendron, has rarely been reported. Because of its poor thermal resistance and difficulty in growing it in gardens, commercial Rhododendron is currently cultivated in greenhouses, thus requiring more energy, manpower, and resources. For these reasons, the influence of SA and CaCl 2 treatments, applied alone and in combination, on Rhododendron 'Fen Zhen Zhu' was assessed by observing changes in physiology and morphology of plants exposed to high temperatures. The results will provide theoretical basis and some practical recommendations for improving thermotolerance in Rhododendron, which can be used to develop management practices for its cultivation in garden and to reduce energy consumption and enhance cultivation in summer. In addition, the effect of SA and CaCl 2 application in Rhododendron will provide basis for further studies on molecular mechanisms responsible for the interaction of the two compounds.
Materials and Methods
PLANT MATERIAL, GROWTH CONDITIONS, AND TREATMENTS. Rhododendron 'Fen Zhen Zhu', collected from a greenhouse in the city of Dandong, were grown in plastic pots (12 cm high, diameter 16 cm at the top, and 10 cm at the bottom) in a greenhouse in Yangling, Shaanxi province, China. The culture substrate was a 1:1 (v:v) mixture of peat and pine needle mulch. In July 2015, plants of similar stature, height %28-30 cm and crown 18-21 cm in diameter, were selected and transferred to a growth chamber [25/17°C (day/night), 80% relative humidity, photoperiod of 14 h light/10 h dark, and light irradiance of 150 mmolÁm -2 Ás -1 ] for 1 week. A tray was placed under the pots to retain water.
After 7 d, the leaves were sprayed daily until saturation with different concentrations of SA (0.5, 1.0, and 2.0 mM) and CaCl 2 (3.5, 7.0, and 10.5 mM) solutions alone and in combination, between 0800 and 0900 HR, for 3 d (consecutive). Plants sprayed with water were used as a control. In combined treatments, SA spray was applied first, followed by CaCl 2 spray, and left to dry (Wang, 2014) . Different treatments are listed in Table 1 . After 3 d, all plants were exposed to a temperature of 38/30°C (day/night) for 6 d, and then allowed to recover at a temperature of 25/17°C (day/night) until new leaves appeared. The plants were managed regularly and watered frequently to keep the growth substrate moist during the experiment. After 6 d of heat stress, and 20 d of recovery period, leaf samples were collected for physiological, biochemical, and phenotypical analysis.
MORPHOLOGICAL ANALYSIS. Throughout the experiment, the morphology of the plants was observed and rated with Roman numbers I-V based on the level of heat-induced injury ( Fig. 1 ; Table 2 ).
LEAF CHLOROPHYLL INDEX. The pigments were extracted from fresh leaves of experimental plants using 80% acetone as described by Lichtenthaler (1987) . Absorption of the chlorophyll and carotenoids present in the extract was determined with a spectrophotometer (ultraviolet-2450; Shimadzu, Tokyo, 
where
ROS AND OSMOREGULATORY SYSTEM. Lipid peroxidation levels were assessed using MDA according to the method described by Madhava Rao and Sresty (2000) . Fresh leaves weighing 0.1 g were homogenized using a prechilled mortar and pestle with 10 mL 5% (w/v) trichloroacetic acid, and centrifuged at 12,000 g n for 20 min at 4°C. The supernatant (2 mL) was added to a tube containing 2 mL 0.67% (w/v) thiobarbituric acid. This tube was heated to 100°C for 30 min, then rapidly cooled to 4°C in an ice bath, and then centrifuged at 10,000 g n for 10 min at 4°C. The absorbance of the supernatant was measured at 532 and 600 nm. The MDA content was calculated using the extinction coefficient of 155 mM -1 Ácm -1
. The H 2 O 2 and soluble protein content in leaves were measured according to the manufacturer's instructions of the Trizol reagent with H 2 O 2 and Coomassie brilliant blue (Jiancheng, Nanjing, China). The products were stored at 4°C.
ENZYMATIC ANTIOXIDANT SYSTEM.
A crude enzyme was extracted from the homogenate of 0.1 g fresh leaf tissue in a 50 mM potassium phosphate buffer (pH 7.8) with a precooled mortar and pestle. The homogenate was centrifuged at 12,000 g n for 20 min at 4°C. The supernatant was used to determine enzymatic activity. According to the methods described by Giannopolitis and Ries (1977) , SOD activity was determined by measuring its ability to inhibit the photoreduction of 50% nitro blue tetrazolium (NBT). The 3-mL reaction solution included 13 mM methionine, 75 nM ethylenediaminetetraacetic acid, 50 mM NBT, 1.3 mM riboflavin, 50 mM potassium phosphate buffer (pH 7.8), and 50 mL enzyme extract. The reaction solution was irradiated under a light irradiance of 50 mmolÁm -2
Ás
-1 for 20 min, and the supernatant absorbance was measured at 560 nm; nonirradiated reaction solution was used as a blank. One unit of SOD activity was defined as the amount of enzyme that caused a 50% inhibition of NBT photoreduction. POD activity was analyzed as described by Chance and Maehly (1955) , with slight modifications, the supernatant absorbance was measured at 470 nm. The assay reaction solution contained 0.2 M potassium phosphate buffer (pH 6.0), 30% (v/v) H 2 O 2 , 100% guaiacol solution, and 50 mL enzyme extract for a total of 3 mL. One unit of POD activity was defined as the amount of enzyme that oxidized micromoles of guaiacol radical per minute.
STATISTICAL ANALYSIS. The data analysis was performed using statistical software (SPSS version 22.0; IBM Corp., Armonk, NY), and Duncan's multiple range test was used to compare treatments when the analysis of variance showed a significant difference between means at P # 0.05; a probability value less than 0.05 was regarded as statistically significant (Al-Whaibi et al., 2012) . Means and standard errors were calculated from three replicates.
Results
PLANT GROWTH. After 6 d of exposure to heat stress, the plants sprayed with SA and CaCl 2 alone or combined, showed some changes in morphology: the leaves turned brown, withered, and the plants defoliated with different levels of injury (Table 3) , depending on the treatments. Thus, the plants treated with exogenous SA and CaCl 2 , alone or in combination, were markedly protected from heat-induced growth inhibition. In contrast, the control group had the highest degree of injury among all the treatments, with 80% of the leaves withering and defoliating. The control group also exhibited the largest damage rate, 25%, compared with its growth rate under optimal temperature. For all the treatments, the results revealed that the damage rate in plants treated with a combination of SA and CaCl 2 was lower than that in plants treated with SA and CaCl 2 alone. Treatment groups 8, 9, and 11 improved the most; the damage rate of these plants was only 4.2%.
PIGMENT CONTENT. As presented in Fig. 2 , chlorophyll a, total chlorophyll, and carotenoid content degraded in most of Morphological appearance I Normal growth II 20% of the leaves became brown and withered III 40% of the leaves became brown, withered, and defoliated IV 60% of the leaves became brown and withered V 80% of the leaves became brown, withered, and defoliated the treatments. The total pigment content before the stress treatment was higher than after the stress period, although there was a slight rebound in the content in some treatments after the recovery period. Chlorophyll b content decreased initially and then increased (Fig. 2B) . The pigment content in all plants treated with exogenous application of SA and CaCl 2 , both alone and combined, was significantly greater compared with that in the control (P # 0.05), whatever the treatment, except for chlorophyll b in treatment 10 before the exposure to heat stress. Particularly, plants treated with SA and CaCl 2 alone showed an enhanced chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid content before the heat treatment compared with plants treated with both SA and CaCl 2 . The single treatments with either SA or CaCl 2 decreased pigment loss triggered by the exposure to heat stress, especially in plants exposed to treatment 6 in which chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid contents decreased by 30.0%, 30.5%, 30.1%, and 39.9% respectively. The smallest variation in pigment range was observed in plants treated with the combination of SA and CaCl 2 : 4.7% in treatment 15 for chlorophyll a, 4.6% in treatment 10 for chlorophyll b, 2.0% in treatment 13 for total chlorophyll, and 3.5% in treatment 15 for carotenoid. Thus, combined application of SA and CaCl 2 was more efficient in relieving the adverse effects of heat stress on pigments. However, during the restoration stage and compared with the pigment content in plants grown under optimal temperature, the largest decline in pigment content occurred in treatment 3 for chlorophyll a (by 6.3%) and total chlorophylls (by 4.9%), in treatment 13 for chlorophyll b (by 5.3%), and in treatment 15 for carotenoids (by 18.5%). The smallest decline in pigment content was observed in treatment 6 for chlorophyll a (by -10.1%), total chlorophylls (by 10.7%), and carotenoids (by -29.9%) and in treatment 14 for chlorophyll b (by 24.8%), when compared with the pigment content in plants not exposed to heat stress. Therefore, a simple application of CaCl 2 effectively protected chlorophyll a, total chlorophylls, and carotenoid content. According to the significance analysis, treatments with SA and CaCl 2 alone or in combination significantly enhanced the pigment content under heat stress at all time periods (P # 0.05). There were significant differences between the treatments (P # 0.05): treatment 6 resulted in the highest pigment content before heat stress treatment, whereas the plants in treatment 15 were better in morphology after the heat stress treatment and 20 d of recovery. ROS SYSTEM. As shown in Table 4 , heat stress significantly increased the content of MDA [by 22.7% (P # 0.05)], which is the final product in membrane lipid peroxidation, compared with the control plants in treatment 1. However, although the MDA content decreased after 20 d of recovery, it was 6.6% higher compared with its initial level before heat stress. In addition, the MDA content in leaves was significantly higher compared with that in other treatments, whereas treatment 8 showed the largest decline in MDA content, by 26.9% to 0.092 mMÁg -1 after 6 d of heat stress. The MDA content in treatment 8 was still lower compared with that of other treatments after 20 d of recovery. According to the significance analysis, a combined SA and CaCl 2 application was superior to their individual application, although the significance of difference was poor (P # 0.05).
Similarly, before exposure to heat stress, the combined treatment of SA and CaCl 2 was superior, substantially decreasing the H 2 O 2 levels in leaves at the beginning of heat stress by 30.2%, 27.2%, 19.1%, 21.7%, and 17.4% in treatments 8 to 12, respectively, compared with that in the control (Table 5) . Furthermore, treatments 2, 5, and 6 also decreased significantly the levels of H 2 O 2 compared with that in the control (P # 0.05). After a 6-d incubation period at high temperature, the content of H 2 O 2 increased in most treatments, except in treatments 12 and 15, in which its content decreased. Overall, the application of both SA and CaCl 2 in H 2 O 2 level showed a smaller decline, but not in treatment 14. The content of H 2 O 2 in all treatments was also significantly lower than that in the control after 20 d of recovery (P # 0.05), except in treatment 4.
OSMOREGULATORY SYSTEM. The total soluble protein in leaves of Rhododendron 'Fen Zhen Zhu' increased from the beginning of heat stress in all treatments except in treatments 5, 6, and 7, which showed a minor decline in total soluble protein content after 20 d of recovery, and in treatments 1, 13, 14, and 16, in which the total soluble protein content increased after an initial slight reduction (Fig. 3) . With the exception of treatments 4, 5, and 8, the soluble protein content in each group was significantly higher than that in the control (P # 0.05), regardless of the time period. The highest growth rate was observed in treatment 4, in which the growth rate increased by 56.5% under heat stress compared with that under optimal temperature conditions. Although the control showed the largest decline in total soluble protein content (19.3%) compared with that before the stress, after the 20 d recovery period, it increased by 25% compared with that before the stress, which was similar to treatments 14 and 16. Among the plants treated with individual exogenous application of SA and CaCl 2 , plants in treatment 6 showed significantly higher growth compared with those in Table 1 . y Different injurious level: I = normal growth; II = 20% of the leaves became brown and withered; III = 40% of the leaves became brown, withered, and defoliated; IV = 60% of the leaves became brown and withered; V = 80% of the leaves became brown, withered, and defoliated.
other treatments under heat stress (P # 0.05); there was no significant difference between treatments 6 and 7 after 6 d of exposure to heat stress (P > 0.05). In addition, treatments 9, 12, and 15 were superior to others in total soluble protein at different times. ANTIOXIDANT ENZYME SYSTEM. SOD and POD activities in leaves were examined to investigate whether a change in MDA and H 2 O 2 content is associated with higher antioxidase activity. As shown in Tables 6 and 7, SOD and POD activities decreased initially and then increased with time in most treatments. Heat stress significantly decreased the SOD activity, and the decrease was greater in treatments with individual or combined exogenous application of SA and CaCl 2 (Table 6 ). The SOD activity in the control group was reduced by 8.7% under heat stress compared with that in plants exposed to 0 d of stress. After the 20-d recovery period, it reached only %94.7% of that observed in the control. The SOD activity was increased in the plants pretreated with SA and CaCl 2 , alone or in combination. In treatment 10, the SOD activity reached the highest level, increasing by 10.5% before the stress compared with that in untreated plants, and maintained its high-activity level regardless of whether the plants were under stress conditions or in the recovery. Meanwhile, the SOD activity in treatment 8 was significantly higher than that in the control (P # 0.05), and treatments 9, 10, and 14 had a better effect on SOD activity under heat stress. Lower concentrations of SA or CaCl 2 were sustained among treatments. In addition, treatments 2 and 5 have a better effect in SA and CaCl 2 respectively on improving SOD activity. Similar to the SOD pattern, the POD activity was also affected in leaves exposed to heat (Table 7) . The treatments induced the POD activity; the increase in POD activity was significant in plants treated with SA (treatment 2) and CaCl 2 (treatment 5) (P # 0.05). However, combined SA and CaCl 2 application is more beneficial to enhance POD activity, especially in treatment 11, which increased POD activity by 6.8% before the stress treatment compared with the control; it was the smallest decline in POD activity in all treatments after the stress incubation, and recovered well. Regardless of the time, POD and SOD activities increased more after the simultaneous application of SA and CaCl 2 compared with that in plants with individual exogenous SA and CaCl 2 application. The SOD and POD activities in all treated plants were significantly higher than those in untreated plants (P # 0.05).
Discussion
The genus Rhododendron includes heat-sensitive plant species, with the optimum growth temperature between 10 and 25°C. However, during summer months in China, Rhododendrons must endure high temperatures of over 35°C, which increases the cost of management practices employed in commercial cultivation of these plants in greenhouses. The plants may alter their morphology and physiology under heat stress, decreasing their ornamental values. In the present study, Rhododendron 'Fen Zhen Zhu' plants exposed to heat stress developed the following signs of stress: yellowing of the leaf tips, browning and drying of the leaves, and different levels of injury depending on the treatment ( Fig. 1; Table 3 ). Such morphological changes might have occurred due to a substantial decline in light-harvesting pigment content (Fig. 2) , which increased the damaging effects of ROS (Tables 4 and 5 ). This mechanism could be used to extend heat tolerance. Chloroplasts, mitochondria, and peroxisomes are the major sources of ROS production in plant cells. Production of ROS by these sources is enhanced by unfavorable environmental conditions that limit CO 2 fixation, leading to an increase in photoinhibition and overproduction of superoxide radicals and H 2 O 2 (Radwan, Table 1. y Means followed by different lower case letter indicate significant among treatments based on Duncan's multiple range test at P = 0.05 (n = 3). Means followed by different lower case letter indicate significant among treatments based on Duncan's multiple range test at P = 0.05 (n = 3).
2012). Similar findings were reported in three cultivars of Raphanus sativus exposed to 40°C (Chen et al., 2014) . In addition, the total soluble protein content decreased during heat stress (Fig. 3) as did the SOD and POD activities (Tables 6 and  7) . Furthermore, the 2-month-long observations revealed that the plants that were subjected to heat stress, in particular those treated with SA and CaCl 2 , were growing better than those that were not subjected to heat stress. It has long been hypothesized that SA and Ca 2+ protect against various adverse environmental conditions by regulating the antioxidant levels through activation or inhibition of the antioxidant enzymatic system, which is responsible for scavenging generated ROS (Apel and Hirt, 2004; Farooq et al., 2008; Kumar et al., 2012; Tan et al., 2011) . Decreased MDA, H 2 O 2 , and chlorophyll content and increased activities of SOD and POD could be the reason for diminished growth performance of the experimental plants under heat stress. Exogenous application of SA and CaCl 2 alleviated the heat-induced reduction in growth of experimental plants (Figs. 2-3 ; Tables  3-7) . Similar improvement in growth by exogenous SA and CaCl 2 treatment, individual and combined, was reported in S. lycopersicum grown under heat stress conditions (Manaa et al., 2014) . The decrease in injury levels may be due to the inhibited decline in chlorophyll content and increased accumulation of MDA and H 2 O 2 . The experimental results showed that pigment content decreased during heat treatment; however, Rhododendron leaves sprayed with SA and CaCl 2 , alone or in combination, 3 d before exposure to heat stress showed fewer or no injuries, which helped reduce pigment loss induced by heat stress. Specifically, treatment 15 (2.0 mM SA + 7.0 mM CaCl 2 ) prevented most the loss of pigments before and after stress treatment. In addition, before the heat stress treatment, the greatest decrease in pigment content was observed in treatment 6 (7.0 mM CaCl 2 ). Slight decrease in chlorophyll a and carotenoid contents was observed in treatment 15. Similarly, slight decrease in chlorophyll b and total chlorophyll contents was observed in treatment 10 (0.5 mM SA + 10.5 mM CaCl 2 ) and treatment 13 (1.0 mM SA + 10.5 mM CaCl 2 ), respectively. These treatments contained a high concentration of Ca 2+ , which may be because SA-treated cells can maintain Ca 2+ homeostasis and antioxidant systems under heat stress, and increased cytosolic Ca 2+ protected the chloroplast structure (Wang and Li, 2006) . Lipid peroxidation levels were assessed by MDA, the final product of lipid peroxidation. H 2 O 2 is produced during lipid catabolism as a side product of fatty acid oxidation. MDA and H 2 O 2 play an important role in plant tissue metabolism, but any excess production of MDA and H 2 O 2 is harmful, especially to the membranes. Accumulation of elevated H 2 O 2 and MDA levels during heat stress was recorded (Tables 4 and 5) , suggesting the presence of oxidative species in 'Fen Zhen Zhu' leaves. However, the levels of MDA and H 2 O 2 after SA and CaCl 2 pretreatment, alone or in combination, were lower compared with the control, and application of SA and CaCl 2 in combination had a greater effect on the inhibition of MDA and H 2 O 2 , especially in treatment 8 (0.5 mM SA + 3.5 mM CaCl 2 ), which lowered the levels of ROS in plants, suggesting that SA and CaCl 2 might have interacted in managing plant stress. However, improving growth by applying SA and CaCl 2 alone or in combination onto the plants during heat stress could be correlated with a substantial increase in total soluble protein content (Fig. 3) , especially in plants exposed to treatments 12 and 15, both of which contained 7.0 mM CaCl 2 . The considerable increase in total soluble protein content in our findings could be due to a sufficient calcium concentration, which is required at all stages of plant growth and development and which plays a vital role in regulating the polar growth of cells and tissues as well as the plant adaptation to various stress factors.
Various enzymatic scavenging activities, particularly for ROS, are found in different cellular compartments. The enzymatic ROS-scavenging pathway, an antioxidant defense mechanism, helps to counteract ROS and protect cells from oxidative damage (Radwan, 2012) . SOD acts as a first line of defense against ROS by converting superoxides into H 2 O 2 , and thus decreasing their toxic effects to the cell (Wang et al., 2004) . H 2 O 2 has to be further detoxified by POD and catalase/ ascorbate POD to water and oxygen (Shah et al., 2001 ). H 2 O 2 detoxification prevents the oxidation of biological molecules and destruction of cells (Liochev and Fridovich, 1994) . In the present study, exogenous application of SA and CaCl 2 , alone or combined, could induce changes in SOD and POD activities similar to those in the control. A large amount of Ca 2+ influx from apoplasts to protoplasts after 10 h of SA induction has been reported (Guo et al., 2015) . In addition, the combined application of SA and CaCl 2 had a greater effect on SOD and POD activities. The effectiveness of the combined treatments is optimal if the mixture contains at least 0.5 mM SA or 3.5 mM CaCl 2 . This might be because a lower concentration of SA induced an increase in Ca 2+ content, which led to the inhibition of SOD and POD activities. The study also revealed that treatment 5 was significantly higher than the application of CaCl 2 alone in improving SOD and POD activities (P # 0.05).
In conclusion, the present study showed that the heat stress causes yellowing of leaf tips and browning and drying of leaf parts in Rhododendron 'Fen Zhen Zhu'. In addition, the contents of chlorophyll and total soluble protein decreased, the MDA and H 2 O 2 contents increased, and the activities of SOD and POD increased under heat stress. The plant morphology and physiology showed a slight improvement after 20 d of recovery. The exogenous application of SA and CaCl 2 , alone or combined, improved plant growth by regulating the same physiological and biochemical mechanisms that respond to heat stress. Application of SA and CaCl 2 is effective in alleviating the decrease in chlorophyll content at higher concentrations of CaCl 2 . At lower concentrations of SA and CaCl 2 , the activity of SOD and POD increased as well as the accumulation of total soluble protein. This resulted in further scavenging of ROS and increased MDA and H 2 O 2 .
The present results provide a new perspective to the use of SA and CaCl 2 in the protection of Rhododendron 'Fen Zhen Zhu' from injuries induced by heat stress. This method could save energy costs in greenhouse management. Thus, the measurement of related physiological indexes and exploration of signal transduction pathways is a powerful tool to improve plant tolerance to abiotic stress. 
